Y are the survivor sets defined earlier in Section IV-A. The resultant subsets are 
Note that the reduction in complexity is approximately a factor of 64/L. MSD-DM receivers only suffer a small performance degradation on the order of 0.05 dB. The complexity reduction, however, is significant.
V. CONCLUSION
In this paper, we propose to use multiple-symbol detection in orthogonal modulation systems. For uncoded systems, the MSD receiver provides the same asymptotic symbol error performance as the ideal coherent detector and is about 0.7 dB better than the conventional symbol-by-symbol detector. When applied to the CDMA IS-95 system, which is coded, the proposed MSD receivers are about 0.5 dB better than their conventional SBSD counterparts in both the AWGN and the fading channels. We also present in this paper reduced-complexity versions of the proposed MSD receivers. It was found that significant reduction in complexity can be achieved with only a small degradation in performance.
Although we only incorporated the MSD into the SM and DM receivers, the MSD technique can also be used in decision feedback receivers and soft-in/soft-out iterative decoding receivers to achieve performance enhancement.
I. INTRODUCTION
Ray-tracing-based propagation prediction models are becoming widely accepted as suitable tools for the planning of mobile radio networks in urban environments. Two-dimensional (2-D) ray-tracing models have been applied successfully for field prediction when transmitting and receiving heights are quite below the rooftops of surrounding buildings [1] , [2] , as is normally the case in urban microcells. These models account for all multipath rays between the base station and observation points lying in the horizontal plane through the base station, each ray undergoing (multiple) interactions with the urban environment, such as reflection and/or diffraction, up to a prespecified order. The received field at any observation point is then calculated by taking the sum of the individual complex ray amplitudes (e.g., [1] and [3] ). The possible ray trajectories and associated complex amplitudes are usually determined for a set of discrete observation points, but the channel parameters computed from these predicted multipaths are assumed to be representative for an area around each observation point. The dimensions of such an observation area are typically on the order of several tens of wavelengths.
Probably the most important channel parameter is the local mean power, which is the total received signal intensity, averaged in space in order to remove small-scale fading. The predicted spatial distribution of the local mean power in a reception area around the base station antenna-appropriately subdivided into smaller observation areas (sometimes called pixels), the dimensions of which depend on the desired spatial resolution-can be used as the basis for the coverage and interference calculations required in the planning stage of cellular radio networks. An often used method to estimate the mean power for each observation area is to simply add the individual ray powers [1] , [2] , [4] . This method has been referred to as the sum of individual ray powers (SP) in [1] . In this paper, we present an alternative method, which is based on the spatial average (SA) of the received power over each pixel area but does not require ray tracing for more than one observation point per pixel. Unlike the SP method, the SA method provides a statistically valid approximation of the expected field strength at a random receiver position within a given observation area. Further, this method allows a fairer comparison to be made between propagation predictions and propagation measurement data obtained with a moving receiving antenna, in which the long-term fading component is usually also determined by spatial averaging-albeit in only one dimension.
II. FORMULATION
Consider the area S around the observation point O, which is assumed to be at the origin of a rectangular coordinate system (x; y);
and assume that N rays are incident on O from the angles of arrival 'n, n = 1; 2; ...; N (see Fig. 1 ). Associated with each ray is a narrow-band signal with amplitude u n and phase n . If u n and ' n do not vary over the observation area S (plane wave assumption), the total received signal s can be evaluated at any point within S as s(x; y) = N n=1 u n exp[jk(x cos ' n + y sin ' n ) + j n ] (1) with k being the free-space wavenumber. The corresponding received power is p(x; y) = js(x; y)j 2 :
Both s(x; y) and p(x; y) are deterministic functions of the coordinates x and y and the known ray parameters un, n, and 'n.
The received power at a random observation point X in S obviously has a probabilistic nature, and it will be denoted by the random variable P = p(X). Here, we assume that the (two-dimensional) random location variable X has a probability distribution f X (x; y) that is uniform in S. Under this assumption, the statistical mean P of the received power is identical to the received power averaged over S.
III. COMPUTATION OF LOCAL MEAN POWER
The mean power P in the observation area S can be found by integration of p(x; y)f X (x; y) over S, which gives is a complex scalar that lies on or inside the unit circle and represents the spatial correlation between the mth and the nth multipath signal in S. When mn lies on the unit circle, the two signals are fully coherent. 
From (3) to (7), it is clear that this approximation is good as long as all dimensions of the observation area are small compared to the wavelength or the angular region from which all rays arrive is sufficiently small. In all other cases, in which one or more pairs of multipath signals are partially correlated, neither the SP method nor the received power at O forms a generally valid approximation of (3).
IV. NUMERICAL RESULTS
In this section, local mean power predictions computed using the SA method presented in this paper are compared with results obtained using the SP method in some simple test environments composed of one or more of the buildings marked as A-D in Fig. 3 . Some of the configurations that can be composed in this way, such as the so-called two-corner and four-corner street intersections, have been investigated previously to study radio propagation around street corners [1] , [2] , [5] . In the present simulations, local mean power estimates are compared with each other and with the received power along the trajectory indicated in Fig. 3 , and spatial distributions of the error made by the SP method (as compared with the SA method) are given for the complete coverage area. The transmitter is situated at a fixed location. Reflections up to tenth order and/or diffraction up to order two are taken into account, and the carrier frequency is 900 MHz. The diffraction contributions are computed using the diffraction coefficient for a wedge with impedance faces [6] . A relative permittivity of r = 5:3 and zero conductivity, corresponding to dry brick, are selected for the buildings. power shows rapid fluctuations at distances close to the transmitter. As desired, the local mean power, estimated by either the SA or the SP method, does not follow these small-scale fluctuations. At larger distances from the transmitter, the SP method no longer accurately predicts the local mean power, whereas the SA method provides a good approximation at all distances from the transmitter. The error made by the SP method amounts to 10 dB at 500 m from the transmitter. In the four-corner intersection case of Fig. 5 , on the other hand, the received power shows fast fluctuations along the entire 500 m trajectory, and both the SA and SP methods provide good estimations of the true local mean power.
A physical explanation for the observations made above can be given after considering the spatial distribution of the error made by applying the SP method, as compared with the SA method. Fig. 6 shows the error distribution for the configuration composed of building A only (onecorner intersection). The largest errors, ranging up to 7 dB, are found near the shadow boundary of the incident field. In this region, the first Fresnel zone of the direct wave is partially obstructed by building A, which is accounted for by ray-based diffraction theory through destructive interference with the wave diffracted from the corner of building A. Using the SP method, however, the power of this diffraction contribution is added to the power of the direct wave, which results in an overestimation of the local mean power. The SA method handles the contribution of the diffracted ray signal to the local mean power in a correct manner, by taking into account its high correlation with the "direct" signal. In the considered configuration, equally large errors do not occur near the reflection boundary, because the field in this region is dominated by the direct wave. Smaller but significant errors occur in other regions where the signals associated with the direct wave and the reflection from the wall behind the transmitter become strongly correlated.
Similar plots of the error distributions for the configurations A + B and A + B + C + D are shown in Figs. 7 and 8 . Instead of two, there are now many shadow boundaries, each one associated with one of the many multipath waves reflected and/or diffracted between the buildings. For the two-corner intersection of Fig. 7 , this results in considerable errors in large parts of the coverage area, as was also observed from Fig. 4 . On the other hand, in the four-corner intersection configuration of Fig. 8 , the diffraction contributions are dominated by multiple reflections in the street canyons formed by all four buildings, and these waves impinge on the receiver from a relatively wide angular region. The associated multipath signals therefore have low correlation, so that in this case, the SP method provides a good approximation of the local mean power in most of the coverage area, including the trajectory of Fig. 3 .
V. CONCLUSIONS AND DISCUSSION
In this paper, we have proposed an accurate method for determining local mean power using 2-D ray-tracing-based propagation prediction models. This method, described by (3)- (7), automatically reduces to the commonly used SP method for uncorrelated multipath signals, but, unlike the SP method, remains valid for correlated signals, i.e., for rays arriving at the receiver from a narrow angular region. Although it is based on the spatial average of the received power, this method does not require the calculation of the received power at many discrete points within each observation area or interval, as is the case in [1] .
Numerical results for some simple test configurations show that application of the SP method can result in considerable estimation errors, while the new SA method remains accurate in all cases. They further indicate that poor performance of the SP method occurs particularly near the shadow boundaries associated with diffracted rays. In the most complex test environment considered in this paper (Fig. 8) , the SP method was shown to give results similar to the new SA method. Although this may suggest that the conventional power sum gives a sufficiently good approximation of the local mean power in complex The presented method can be extended to three-dimensional raytracing models in a straightforward manner. Computation of the local mean power then involves an integration of the received power over a volume around each observation point, and the correlation between multipath signal pairs will depend on the angular spacing of the corresponding rays in both azimuth and elevation.
I. INTRODUCTION
Some inaccuracies have been found in the path loss model that is proposed by ETSI [1, Section 1.8. 1.3] for the vehicular test environment of the Universal Mobile Telecommunications System (UMTS). Since this propagation model is being used for simulation and system evaluation purposes, it is important to point out this fact.
II. CORRECTIONS
We first note some minor typographical errors. Moreover, it should be noted that the mentioned figure in [2] has been obtained from measurements in suburban areas, and therefore it may not give accurate results for urban environments. 
Inserting a conversion factor to express R in kilometers, we obtain 
Therefore, the sixth equation of [1, p. 65 ] is not correct and should be replaced by the (3) above.
